Objective-The Diabetes Prevention Program (DPP) showed that intensive lifestyle intervention reduced the risk of diabetes by 58%. This paper examines demographic, psychosocial, and behavioral factors related to achieving weight loss and physical activity goals in the DPP lifestyle participants.
Introduction
Type 2 diabetes affects ∼8% of adults in the United States (1) . Several recent studies have shown that lifestyle intervention can reduce the risk of developing diabetes in those at high risk (2) (3) (4) . In the Diabetes Prevention Program (DPP), 1 lifestyle intervention was effective in reducing the risk of diabetes by 58% (2) . The benefits of lifestyle intervention were observed in both sexes and in all age, BMI, and racial and ethnic groups studied in the DPP.
The DPP lifestyle intervention focused on two of the modifiable risk factors for diabetes, sedentary lifestyle and overweight. All participants in the intensive lifestyle arm of DPP were given the goal of losing 7% of their body weight and achieving at least 150 min/wk of moderate intensity physical activity. The present paper examines demographic, psychosocial, and behavioral factors that were related to success at achieving these two goals. The study extends previous research on predictors of success in lifestyle intervention by using a larger, more diverse study population and examining success at achieving these goals both short-term (approximately week 24) and after a mean of 3.2 years of intervention.
Research Methods and Procedures
The DPP was a randomized clinical trial involving 3234 persons at 27 centers who were at high risk for developing diabetes. These participants were randomly assigned to standard lifestyle recommendations plus placebo or metformin or to intensive lifestyle intervention. The methods (5) and results (2) of the trial have been reported previously. The present manuscript focuses only on the 1079 participants who were randomly assigned to the intensive lifestyle intervention, using the completed DPP database as of July 31, 2001, immediately preceding the announcement of study results.
Participants
Eligibility criteria for DPP included an age of at least 25 years, BMI of 24 kg/m 2 or greater (22 kg/m 2 or higher in Asians), a fasting plasma glucose of 95 to 125 mg/dL (≤125 mg/dL in Native Americans) and a plasma glucose value of 140 to 199 mg/dL 2 hours after a 75-gram glucose load. All participants provided written informed consent before entering the study.
Intensive Lifestyle Intervention
The rationale and procedures used in the intensive life-style intervention have been described previously (6) . This was a goal-based intervention; all participants at all centers were given the goal of losing 7% of their baseline body weight and achieving at least 150 min/wk of physical activity, using activities similar in intensity to brisk walking. These goals were selected because they appeared achievable and likely to reduce the risk of diabetes (6) . Participants were assigned an individual case manager who worked with them throughout the trial. Initially, participants met with their case manager 16 times over the first 6 months of the program and completed a core curriculum. The core curriculum, which was the most structured phase of the intervention, introduced basic skills related to nutrition, exercise, and behavior change. Subsequently, participants were expected to be seen in person at least once every 2 months. These follow-up contacts occurred either at an individual session or at group classes; group classes were offered three times per year, with each class lasting 4 to 6 weeks.
The intensive lifestyle intervention stressed brisk walking as the means to achieving the activity goal, although other activities of similar intensity (aerobics, dance, bicycle riding, skating, swimming) could also be applied to the goal. (No more than 75 min/wk of strength training could be applied to the goal.) Participants were encouraged to increase their activity slowly and to exercise at least three times per week for at least 10 minutes per session. Although most participants completed their activity on their own, two supervised exercise classes were offered at all clinics each week. Participants at high risk for adverse events related to underlying coronary artery disease were given an exercise tolerance test before starting the activity intervention.
Physical activity was seen as a potentially important independent approach to preventing diabetes but also as a means to achieving and maintaining the weight loss goal in combination with dietary restriction. A low-fat (<25% fat) intake was recommended; if reducing fat did not produce weight loss to goal, calorie restriction was also recommended. Participants weighing 120 to 174 lb (54 to 78 kg) at baseline were instructed to follow a 1200-kcal/d diet (33 grams fat); participants weighing 175 to 219 lb (79 to 99 kg) were instructed to follow a 1500-kcal/ d diet (42 grams fat); those 220 to 249 lb (100 to 113 kg) were instructed to follow an 1800kcal/d diet (50 grams fat); and those over 250 lb (114 kg) were instructed to follow a 2000kcal/d diet (55 grams fat).
Outcome Measures
Participants were instructed to self-monitor minutes of physical activity and fat grams consumed every day during the core curriculum and then 1 wk/mo over the remainder of the trial. These self-monitoring records and measures of body weight taken at each intervention visit were used to assess success at achieving the intervention goals. Participants were sometimes missing values for weight, fat grams, and physical activity for a variety of reasons, including a lack of a scale for occasional visits conducted outside the usual clinic or lack of self-monitoring information. These participants were excluded from analyses where these values were required.
Statistical Analyses
Analyses focused on the percentage of participants who were successful at achieving the 150minute activity goal and the 7% weight loss goal at the end of the core curriculum and at the final postcore intervention visit (before the time of early termination of the study). Χ 2 statistics were used to compare goal achievement as a function of age at randomization (<45 years, 45 to 59 years, 60 to 64 years, and 65 years and older), ethnicity, BMI (<30 kg/m 2 , 30 to 34.9 kg/ m 2 , and ≥35 kg/m 2 ), and sex. Goal achievement was also assessed as a function of the following psychosocial variables: current employment status [employed full-or part-time, retired, other (student/homemakers/seasonally employed)]; income (refused, <$35,000, $35,000 to $75,000, ≥$75,000); number in household (1,2 to 4,5 or more); marital status (married or living together, other), and the Beck Depression Inventory Scale score (<11, ≥11) (7) . Logistic regression models were used to determine which factors (including demographic, psychosocial, and depression scores) were independently related to goal achievement. Finally, to determine whether adherence to various aspects of the lifestyle intervention was interrelated, we included adherence to self-monitoring (defined by the number of dietary self-monitoring records completed during the first 6 months of the program and over the first 2 years of the program) in the prediction of success at achieving the activity and weight loss goals. For analyses predicting weight loss, we also included self-reported success at meeting the physical activity goal at the same time-point.
Analyses were completed in two ways: first, we computed goal achievement using participants who attended the visit and/or provided self-monitoring records. We then redid all analyses assuming that participants who did not attend visits and/or did not turn in self-monitoring records had not met the goal. This latter approach reduced the actual percentage of participants achieving the goals, but the relationships with demographic variables were basically unchanged. Thus, only the first approach has been presented in the results.
Results
The 1079 participants assigned to the intensive lifestyle intervention had a mean (± SD) age of 50.6 ± 11.3 years, 68% were women, and the mean BMI was 33.9 ± 6.8. As seen in Table  1 , 46.3% of the participants were from minority groups. The majority were married or living with a partner (66%), and 73% were employed. Average score on the Beck Depression Inventory was in the normal range, and only 10% reported mild or higher levels (≥11) of depressive symptoms. Of the 1079 participants randomized to lifestyle intervention, 1076 (99.7%) completed at least the first session of the core curriculum, and 1024 (95%) completed the entire 16-session core curriculum. The median time to completion of the core curriculum was 24 weeks. Some participants started the postcore visits without completing the full core curriculum; thus, 1035 participants completed at least one postcore visit with the intervention case manager; the final postcore visit occurred after a median 3.25 years of intervention. Participants attended 23.6 ± 7.1 sessions during year 1 (mean ± SD), 12.5 ± 7.1 sessions in year 2, and a total of 50.3 ± 21.8 sessions over the entire trial. Self-monitoring records of dietary fat intake were completed on 11.3 ± 5.3 weeks (range 0 to 23) during the first 6 months of the program and on 20.4 ± 13.5 weeks (range 0 to 89) over the first 2 years.
Physical Activity
Intensive lifestyle participants reported completing an average of 224 ± 141 min/wk of physical activity at the end of the core curriculum (N = 936; 87%) and 227 ± 212 min/wk at the final intervention visit (N = 952; 88%). The goal of ≥150 min/wk of activity was achieved by 74% of participants at the end of the core curriculum and 67% at the final intervention visit. Success at achieving the exercise goal at the end of the core curriculum was strongly related to being successful at the final visit. Participants who achieved the activity goal at the end of the core curriculum were 1.5 times more likely to achieve the goal at the final intervention visit compared with those who did not initially achieve the goal (75% vs. 50%, p < 0.001). Figure 1 shows the percentage of participants who achieved the activity goal at the end of the core curriculum and at the final intervention visit according to baseline demographic characteristics. In univariate analyses, being male, having lower BMI, and being older were significantly associated with success at achieving the activity goal at both the end of the core curriculum and at the final visit. Ethnicity was significantly related to achieving the activity goal at the final intervention visit, with higher success rates in Hispanic Americans, Asian Americans, and Native Americans. Table 2 shows activity goal attainment as a function of the psychosocial variables we assessed. Retired participants were most likely to meet the exercise goal at both the end of the core curriculum and the final intervention visit. Similarly, income was related to achieving the activity goal at the final visit, with those refusingto report and those with incomes of less than $35,000 most likely to meet the goal. Marital status, number in household, and Beck Depression scores were unrelated to success at achieving the exercise goals at either end of core or the final intervention visit.
In multivariate analyses (Table 3) , age, gender, and BMI remained significant predictors of success at achieving the activity goals at both the end of the core curriculum and at the final intervention visit, and ethnicity predicted goal achievement at the final visit. After adjusting for demographic factors (in particular, adjusting for age), the effect of employment status and income were no longer significant. Frequency of monitoring of dietary intake was also related to success at achieving the physical activity goal [odds ratio (OR) = 1.050 per one record increase in self-monitoring, p = 0.003 at the end of the core curriculum and OR = 1.024, p < 0.001 at the final intervention visit], suggesting that adherence to one aspect of the intervention was related to adherence to other aspects.
Weight Loss
At the first intervention session, participants weighed, on average, 94.5 ± 21.0 kg (mean ± SD), with weights ranging from 49.1 to 200.9 kg; the average BMI was 33.9 ± 6.8. Weight loss over the core curriculum (N = 1017; 95%) averaged 6.5 ± 4.7 kg or 6.9 ± 4.5% initial body weight. At the final intervention visit, participants (N = 1023; 95%) had maintained an average weight loss of 4.5 ± 7.6 kg or 4.9 ± 7.4% of initial body weight. The 7% weight loss goal was achieved by 49% of participants at the end of the core and by 37% at the final intervention visit. Early success at achieving the weight loss goal predicted later success. Participants who achieved the weight loss goal at the end of core were 3 times more likely to achieve the goal at study end (56% vs. 18%, p < 0.0001). Figure 2 shows the percentage of participants who achieved the weight loss goal at both the end of the core curriculum and the final intervention visit in univariate analyses by BMI, age, gender, and ethnicity. Age was significantly related to success at achieving the weight loss goal at both the end of the core curriculum and the final intervention visit. Among those 65 years old or above, 60% met the 7% weight loss goal at end of core, compared with 43% of those under 45 years old. Similarly, at the final visit, 63% of those 65 years and older met the weight loss goal compared with 27% of those <45 years of age. Ethnicity was significantly related to initial weight loss success, with whites more successful than other ethnic groups (57% at goal compared with 30% to 48% at goal, respectively). However, there were only small nonsignificant differences by ethnic group by the final intervention visit. Baseline BMI was unrelated to weight loss success initially, but by the final visit, those with a lower baseline BMI were significantly more likely to have achieved the 7% weight loss goal. Men were more likely than women to achieve the 7% weight loss goal at both the end of core and final visit. In univariate analyses, several of the psychosocial variables were also related to achieving the weight loss goal ( Table 2) ; married individuals were more likely to meet the goal at the end of the core curriculum, and those with lower income, retired people, and those with only one person in the household were more likely to achieve the weight loss goal at the final visit.
Adjusting for age removed most of the demographic and psychosocial effects described above. Using logistic regression models (Table 4 ), the only psychosocial or demographic variable related to initial success at achieving the weight loss goal was ethnicity; age and employment status remained significant at the final intervention visit. Employed (full-or part-time) participants were similar to retired individuals in their likelihood of achieving the weight loss goal at the final intervention visit but significantly less likely than participants who were classified as "not employed" (homemakers, seasonally employed, students; N = 146).
After adjusting for these variables, success at meeting the weight loss goal at the end of the core curriculum and at the final intervention visit was predicted by success at achieving the exercise goal (OR = 1.90, p = 0.0001 for end of core; OR = 4.11, p < 0.0001 at final visit) and the number of times fat grams were self-monitored (OR = 1.08 per one record increase, p < 0.0001 at end of core; OR = 1.02, p = 0.0005 at final visit).
Discussion
The 150 min/wk activity goal was achieved by three-quarters of DPP lifestyle participants at the end of the core curriculum and by two-thirds at the end of the study. The 7% weight loss goal was achieved by ∼49% of participants at the end of the core curriculum and by 37% at study end. In the present paper, we examined the demographic, psychosocial, and behavioral factors that distinguished between those who achieved these goals and those who did not.
Older age was a strong predictor of success at meeting the weight loss goal and the physical activity goal at both the end of the core curriculum and at the final intervention visit. Older individuals were also more likely to complete self-monitoring records and to report a lower percentage of calories from fat than younger individuals (data not shown). Thus, older participants were more likely to adhere to multiple components of the lifestyle intervention. Adjusting for age removed many of the other univariate effects. These findings may explain why older individuals had the greatest reduction in diabetes risk (2) and suggest that older individuals may be particularly good candidates for lifestyle interventions. In other lifestyle interventions focused specifically on the elderly, excellent outcomes have also been observed (8) . The success of older individuals may derive from the fact that they have fewer competing demands and/or because they are more aware of the negative health consequences of diabetes and, thus, more motivated to make behavior changes. The converse is also true-younger individuals may have particular difficulty implementing life-style changes while employed and/or caring for children. Further research is needed to understand reasons for the age differences in adherence to lifestyle intervention. Similarly, it is important to develop more effective intervention approaches for younger individuals, perhaps using techniques such as the Internet to increase the convenience of treatment contact (9) .
Other demographic variables related to achieving the activity goal in DPP included the following: men and thinner individuals were more likely to achieve the physical activity goal both initially and long-term, and Hispanic Americans and Native Americans were more likely to meet the activity goals. Epidemiological studies have shown that men and thinner individuals are more likely to be physically active (10) , but very few studies have examined success at achieving physical activity goals within the context of a weight loss intervention.
Whites were more likely to achieve the weight loss goal at the end of core, but at study end, there were no significant differences in weight loss success among the ethnic groups. There were also no significant effects of gender, initial BMI, any of the socioeconomic variables (income, marital status, number of persons in the household), or depressive symptoms on success at achieving the weight loss goal after adjusting for other demographic factors. Employment status was related to success at achieving the weight loss goal long-term, but this difference is difficult to interpret because it was between employed or retired persons and a small "other" category (N = 146).
Previous studies of predictors of weight loss in lifestyle interventions have been limited by the relatively small sample sizes and homogeneity of the populations studied (11) . Moreover, most of these studies have examined the association between baseline characteristics and absolute amount of weight loss, rather than success at achieving a weight loss goal. The most consistent predictor of absolute weight loss in these studies has been initial body weight, with heavier individuals losing more weight (12) . Likewise, men have been found to have larger initial weight loss, but this difference often disappears after adjusting for initial body weight (13); gender differences are typically not observed at follow-up. Age, marital status, and employment have not been related to weight loss outcome (12) . The failure to find an effect of age on weight loss outcome in these prior studies, compared with the significant effect of age noted in DPP, may be due to differences in sample size and the range of ages of the participants.
Several prior studies have observed smaller weight losses in African Americans than in whites. Kumanyika et al. (14) reported recently that African Americans achieved less weight loss than whites initially but maintained their weight loss better, so that at follow-up weight loss was similar in the two groups. The present study suggests that a similar phenomenon may occur in other minority ethnic groups. In DPP, an effort was made to develop culturally sensitive materials; in addition, the case management approach allowed for tailoring of the intervention to the individual participant. These strategies may have helped to achieve similar long-term weight loss outcomes across the diverse populations studied.
Depressive symptoms were unrelated to success at achieving the activity or weight loss goals in DPP. This may result, in part, from the low levels of depressive symptoms in our participants and the paucity of individuals with clinical depression. Prior behavioral weight loss studies have also failed to show a relationship between baseline depressive symptoms and weight loss, although depression has, in some cases, been related to the risk of dropping out of the program (11, 12) .
The present analyses suggest important interrelationships among the behaviors prescribed in lifestyle intervention. For example, frequency of dietary self-monitoring was related to success at achieving both the physical activity goal and the weight loss goal. Likewise, success at achieving the activity goal was related to success at achieving the weight loss goal. Thus, there appears to be a clustering of behavior changes, with participants who adhere to one aspect of the lifestyle regimen more likely to adhere to other aspects (15, 16) . This clustering of behavior changes may help to maximize the initially positive results, but it could also explain the tendency to regain weight over time if participants who stop adhering to one behavior stop adhering to others.
Finally, this study suggests that getting patients off to a good start is critical for long-term success. Both for weight loss and physical activity, success at achieving the goal at end of core was strongly related to the probability of success at study end. This evidence supports the behavioral approach of incorporating frequent contact and more aggressive approaches at the start of treatment programs (17) (18) (19) .
Strengths of the study include the large sample size, the diversity of the participants, the standardization of the intervention across a large number of clinical sites, and the extended length of treatment intervention. Several limitations of this study should be noted. The physical activity data are based on self-report and, thus, may overestimate physical activity (20) . This bias may have been increased by the fact that self-monitoring records were turned in to the lifestyle coaches who used this information as the basis for counseling the participant. The intervention had goals for physical activity and weight loss; changes in dietary intake were not considered as goals but rather as a means to achieve the weight loss goal. Moreover, the number of fat grams recommended per day was individualized based on the participant's body weight, and calorie levels were prescribed as needed to produce weight loss. For these reasons, and because adherence to dietary monitoring decreased over time, we have not considered dietary data in these analyses.
In summary, the DPP intensive lifestyle intervention was very effective in changing weight and physical activity. Although one might expect that older individuals would have more difficulty changing their behaviors, our results indicate that older participants were particularly successful at achieving both the weight and physical activity goals of DPP and had the greatest reduction in diabetes incidence (2) . Other variables including employment, marital status, income, and depressive symptoms were unrelated to achieving either the weight or activity goals. We found that behavior changes tended to cluster, with participants who reported success at achieving one behavioral goal frequently having success at others. Likewise, initial success predicted longer term success; thus, clinicians should aim to have participants achieve the intervention goals by the end of the initial phase of intervention. The costs of publication of this article were defrayed, in part, by the payment of page charges. This article must, therefore, be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
Figure 1.
Percentage of participants who achieved the exercise goal (<150 minutes per week) at the end of the core curriculum and at the final intervention visit by ethnic group, sex, baseline BMI, and baseline age. Percentage of participants who achieved the 7% weight loss goal at the end of core curriculum and at the final intervention visit, by ethnic group, sex, baseline BMI, and baseline age. * Participants without an intervention visit or with missing information on physical activity or weight at the end of the core curriculum or at the end of the intervention are excluded. Models adjusted for all variables listed as well as for: employment status, income, marital status, number living in the household, and Beck depression score, which were not nominally significant at p < 0.05 in the combined model. * Number of self-monitoring fat intake records during the first 6 months of the study (core) or during the first 2 years of the study (final intervention visit). †
Overall p value for ethnicity. ‡ Participants with missing information on self monitoring of fat intake or physical activity at the specified time points are excluded.
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